BROADLY speaking, the disseminationi of cancer can occur by either of two general processes. The first is a one-step process in which the cancer cells are disseminated directly from the primary to metastatic sites throughout the body. The second is a multi-step or " cascade" process in which a relatively few metastases are produced by the primary but these metastases give rise to other metastases. While both processes may occur for cancers at a given site, it is of both scientific and clinical imnportance to obtain a clearer picture of which process is predominant and what sequence of sites is involved in the cascade process. The purpose of this paper is to analyse 647 autopsy reports on metastases in patients with breast cancer from the Roswell Park Memorial Institute Department of Pathology, in order to clarify the metastatic processes at this site.
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MATERIALS AND METHODS Each autopsy record included the age in years at death, sex and race, duration of the disease in months and a detailed description of the various organs containing metastases from the primary tumour. Organs wrere omitted from this study when the frequency of their being seeded wNas below 10%. The 3 organs most frequently seeded were the bones, lungs and liver. These 3 sites were classified as " major ones ". All the percentages in Table I were calculated by using 647 as the over-all total, with only a few exceptions (specified). An analysis of variance was carried out using occurrence or non-occurrence of lung, liver and bone metastases as a 23 factorial design.
The term " effect " in the factorial design, such as lung-effect etc., should be interpreted as if the presence of the primary cancer in the lungs acted as a new source of dissemination of the cancer in relation to other sites. Later on it will be discussed how justifiable it is to label the lungs, liver and bones as " main effects ". The amount of variation attributable to every main effect and related interaction was calculated.
Two organs belonging to the endocrine system, i.e., ovaries and adrenals, were omitted from the final analysis because almost one quarter of the patients were either adrenalectomized or ovariectomized. The inclusion of those 2 sites might have introduced a selection bias. 0-1 9 04 0-6 t between uterus and bones seems to be paramount (0.77) and the thyroid seems to be more often related to the lungs (0 52), followed by the bones (0.22) and liver (0-16). With the exception of thyroid (Table V) , no site has significant F values for all 3 main effects.
The pituitary gland shows 2 significant F values due to the lung and bone " effects ". The central nervous system is related to the lungs; pancreas has a double association, i.e. with lungs and liver, the uterus is significantly related to the bony system; F values for the kidney are significant, although the biggest effect is due to the lungs, the second one to the liver and the third one, due to the bones, is negligible. The stomach is quite similar to the kidney, with the only exception of the " liver effect " which appears to be negligible.
DISCUSSION
Because lungs, liver and bones have a high frequency of metastases, it is not possible to say whether these 3 major metastatic sites are independently seeded by the primary tumour, or whether they influence each other. It seems unlikely, however, that less frequently seeded sites produce metastases in the lungs, liver and bones (Table II) .
There are two interpretations of the term "effect ", used in the factorial design: the " single effects " of the factorial design could be interpreted either as a real dissemination of metastases from major sites to minor ones, or as a measure of the strength of the association between 2 organs seeded by the primary tumour. Indeed, autopsy findings do not indicate any time sequence related to the appearance of metastases in different organs. If, for example, lung metastases do not shorten the life span of a patient excessively, the " lung effect " on pancreas would be just a " time effect" long enough so that metastases can reach the pancreas and can therefore proliferate for a long enough period to be detected.
If such an explanation were true, one would expect everywhere in Table V a pattern like that shown by the thyroid, where all the 3 single effects are significant at below 5 % probability level. Instead, Table V shows that the pattern of the significant F values is different for different secondary sites. The pattern can be interpreted either in terms of an anatomical proximity, such as liver and pancreas, or in terms of a " blood vessel " metastatic dissemination, such as the lungs and the central nervous system. Either route strongly supports the hypothesis of a multistep dissemination.
It appears (Table V) that the lungs tend to release metastases into the circulatory system (distant metastases), such as the central nervous system, pancreas, pituitary and thyroid. An intra-abdominal, probably lymphatic dissemination of metastases, from the liver to the pancreas, is plausible (multistep lymphatic). The relationship between liver and thyroid is also rather obscure.
The osseous system seems to affect various sites, a few of which are related only to the bones, i.e. uterus, and a few others are in common with the other 2 major sites, i.e. pituitary and/or parathyroid, and thyroid. This seems to imply, first of all that the osseous system can release metastases into the blood stream which can affect various organs without any filtering effect exerted by the lungs, i.e. with no appearance of metastases in the lungs. The osseous system was subdivided into 2 parts-vertebrae (64.9) and others (55.8); therefore, a certain ambiguity might arise in dealing with bones and related peripheral sites because it was not specified which bone was affected by metastases. For kidneys and stomach, none of the F values were significant at the 5 % probability level; this simply means that it is not possible to establish any route of dissemination of the tumour to the two aforementioned peripheral organs with these data. (Table IV) .
